Abstract: Facing the challenge of industry 4.0, the level of tool machinery must be promoted. Aesthetic appearance plays a crucial role in exhibiting the level of a machine. This paper introduces the grey-based Kansei engineering scheme in conjunction with an innovation process to provide a complete design process, from concept formulation to prototype making, so as to add the additional value of a machine. In this study, a computer-numerical-control (CNC) machine is chosen as the target since it ranks as high as the 3 rd biggest enterprise in Taiwan. The CNC machine products in the marketplace were analyzed in two aspects: form decomposition and descriptive words. Then the Multiple Regression and Grey System Theory were applied to establish their relationship. Based on this relationship, the weight of each form element on a prescribed descriptive word can be obtained and used as design reference. With this reference, an image board of creativity can be established. A final innovative product form can be obtained by extracting the idea from this image board. Furthermore, a verification was performed and a satisfying result of the proposed Kansei-innovation manipulation procedure was obtained. the right figure shows the globally famous brand, the DMG CNC machine.
INTRODUCTION

Aesthetic of CNC machines
In recent years, Taiwan's machine tools have been exported in large quantities, and many advanced countries, such as the USA, Japan, Germany, and some new emerging countries, such as China, India, Brazil, Thailand, etc., have heavily adopted Taiwan's components to reduce costs and increase quality. With the exception of Japan and Germany, Taiwan has become the globally leading supply base for the components of as well as whole machine tools. However, there exists a big difference in the integrated design energy between Taiwan's CNC machines and European or American brands ( Figure 1 ).
As known, a direct way to enhance the value of a CNC machine is the aesthetic form design of its appearance. A famous scheme called Kansei engineering can be used to perform the form design, in which it was successfully used in product form deign in many aspects.
Kansei engineering
In 1995, Kansei engineering was firstly defined by Nagamachi as "translating technology of a consumer's feeling and image for a product into design elements. This technique has some advantages over the other above-mentioned techniques and is still popular today [7] . Firstly, KE uses "word" to describe customer's feeling about a product. It is very easy to describe by every customer through questionnaire survey. Secondly, KE builds a quantitative relationship between emotional preferences of customer and design characteristics of product. This is very useful to provide an evaluation of how good a product is or how much extent of the product matching customer preferences. As such, a great amount of successful studies concerning this issue using Kansei engineering [13, 17, 18, 20] were proposed in the past.
Kansei Engineering has the following 5 different kinds of forms and implementation methods according to the differences of implemented design items and analysis direction [1] . 1) Category Classification:
This classification method means that a series of concepts are extended and spread in the products' Kansei category, until the required design details are developed ( Figure 2 ).
Advance Publication
2) Kansei Engineering Computer System, KES:
With the application of a computer system, a knowledge base of feeling and design elements is constructed to link the corresponding relationship of design elements, which is the pattern known by the public and has the most extensive application level in Kansei Engineering ( Figure 3 ) [10] .
3) Hybrid Kansei Engineering System:
The Hybrid Kansei Engineering system is the new implementation model of Kansei Engineering, as developed after revisions and improvements, and combines the positive and negative Kansei Engineering systems to construct a system model that can be used for communication between designer and user ( Figure 4) [14].
4) Kansei Engineering Modeling:
This is to express the relationship between Kansei vocabularies and design elements with the application of mathematical modeling, and is the Kansei Engineering modeling of mathematical modeling ( Figure 5 ) [2] . 5) Virtual Kansei Engineering:
Virtual Kansei Engineering inspects whether design contents conform to actual demands through a virtual Kansei space; during the process, if the partial design contents require changes, designers can modify partial component contents of the framework according to demand ( Figure 6 ). Literature review shows that Kansei Engineering technology discusses how to transfer consumers' imagined feelings towards a product into the technology of its design elements, in order to achieve the communication of product aesthetics concepts and images through scientific analysis methods; it is applicable to almost all industrial design fields, including the design of the CNC machine tools. Accordingly, here we choose the Kansei Engineering IV as a part of methodology.
Furthermore, the Kansei engineering deals with past information about products. It lacks a bridge to communicate with the already-known data with the future products that possibly meet customers' requirements. Most important, we need a method to introduce creativity into the design procedure for a future product [5] .
Creative thinking
The importance of creative thinking is emphasized in the design of teaching, and is a necessary process for the generation of creative designs, as it considers how to lead fantasy to the logical world; it can be described as a combination of inspiration, true feeling, contingency, and system [2] .
In terms of the designer, "IDEA" is the source of originality, thus, "IDEA development" is also called "creativity development". In the case of the development of the left and right brain, in recent years, experts' continuous research shows that "creativity" begins from right brain (imagination, inspiration, and contingency) and then, it is generated via the left brain (logic, true feeling, and system), as shown in Table 1 .
Regarding the academic research and development of creative thinking, humans continuously try to apply this magical creativity to the solution of various problems; according to research, the contents of each level are initiated from the thinking operation; thinking contents to thinking results. Thus, Roukes proposed the 3 Rs cycle model of creative thinking, as shown in Figure 7 [16] .
During the completed product development process, the generation of ideas is often the most time-consuming and laborious part; therefore, according to literature, the development of creativity can be divided into a series of stages: "problem finding", "generation of idea", "evaluation of idea", and "problem solving" for implementation. Designers are "guided" and "enlightened" in the creativity development of modeling through knowing the Kansei factors of products' modeling aesthetics from Kansei Engineering.
Another effective way to generate the idea of a product form is the so called" product image board." A "product image board" collects the state-of-the-art of the possible related products which exhibit specified form concepts. Using the product image board, one may easily assemble or extract the different design elements to create a new concept meeting customers' requirements [2] .
The image symbol design contains three stages: association, transformation, and concretization [3] . Following the manipulation of these three stages, designers may convert the product image into solid design elements/symbols.
RESEARCH STRUCTURE AND METHOD
The framework of this research is as shown in Figure 8 . The research background, motivation, and goal are recognized first. The research theoretical basis is confirmed through literature collection, and then the target product of the CNC machine is analyzed through Kansei Engineering. The Multiple Regression Analysis and Grey Theory are applied to establish the mathematical modeling for the relationship between the design elements and Kansei vocabularies. Further, design references are extracted from the results of Kansei model for a specified product image. With the manipulation of creative image board, the innovative design elements as well the whole form of a CNC machine can be built. After completion of the practical design, a survey on design satisfaction is conducted to establish the validity and reliability of the proposed methodology.
Method of Kansei Engineering IV 1) Selection of adjective vocabularies and design elements:
The main purpose of this stage is to select the Kansei adjective vocabularies that represent the modeling aesthetic design of the numerical control machine tool, in order to understand people's significance and requirements for a numerical control machine tool; another purpose is to decompose all the design elements from the selected samples of the numerical control machine tool [9] . 2) Combination of image and design elements: The main purpose of this stage is to discuss the relationship between the adjective vocabularies and design elements, and present this relationship in the manner of quantization. Its contents include a survey on the degree of images of Kansei and analysis of the relationship between design elements and image. 3) Construction of the Kansei Engineering system: This stage is mainly to integrate the construction results of the previous two stages, and this set of systems can be used as the main consulting contents between designer and enterprise.
Statistical method
The statistical methods used in the Kansei engineering are described, as follows: 1) Cluster Analysis: this is a kind of general logic program and an objective method, which can objectively collect the similarities in the same cluster according to the similarities and differences, and then, quantify them through structural features [12] . 2) Multi-dimensional Scaling: called the MDS method; mainly researches people's feelings; so far, this research method has become the most commonly used technique in the development and evaluation methods of various kinds of new products in the design field, and is mainly applied into people's imagination or cognition of things, in order to judge the subjects' preference and conduct ranking or rating, analyze products' evaluation, and construct a preference cognition space diagram [19] .
3) Semantic Differential Scheme: called the SD method; used to confirm subjects' attitudes towards each item through a series of polar multipoint rating scales, as shown in Figure 9 [2, 11]. 4) Orthogonal Array Method: it is expected that there will be thousands of samples in this research, and it is certain that the questionnaire cannot be conducted at that time, thus, this method is used to reduce sample size by cooperating with SPSS software, and subjects can be tested smoothly. 5) Multiple Regression Analysis: this is a commonly used analysis method in statistics, and its purpose is to find the function relation between predictor variable (x) and dependent variable (y); Multiple Regression Analysis is the extension of regression analysis, and it is mainly used to add multiple predictor variables into a regression equation, in order to increase the predictive ability of regression and reduce the residual value; the linear relation between predictor variable and dependent variable is assumed, thus, it can be indicated by the Multiple Linear Regression Model. Suppose that there are p predictor variables: x 1 , x 2 , x p and L, and the relationship between these variables and dependent variable y i is:
where, β 0 , β 1 , L, β p is the coefficient; ε 1 is the independent random residual variable (Cov(ε i , ε j ) = 0), and it conforms to the expectancy value of 0, and variance σ 2 is the normal distribution. Suppose that there are n groups of sample sizes, and their model is shown, as follows:
As the expectancy value of ε 1 is 0, the expectancy value of y i is E(y i ) = β 0 + β 1 x i1 + β 2 x i2 + L + β p x ip , and each y i conforms to the expectancy value of E(y i ) and normal distribution of variance of σ 2 . It can also be indicated through the following matrix and vector: Multiple Regression Analysis was used in this research to establish the mapping relation formula between modeling and vocabulary, and then, to calculate the predicted value for comparison with other results analyzed by artificial intelligence. Therefore, Multiple Regression Analysis includes multiple independent variables, which often affect the overall relationship due to the special order of the causal relationship; therefore, when Multiple Regression Analysis is applied for prediction, there are two different analysis methods, simultaneous multiple and stepwise multiple regression, which incorporate independent variables into the combination of the regression equation [15] .
Grey Theory
Under the situation of an unclear system model and incomplete information, the Grey Theory mainly conducts relational analysis and model construction of the system in order to discuss and understand the actual situation of the system through the methods of prediction and decision making. Grey Theory includes 4 fields in application: 1) Grey Generation; 2) Grey Relational Analysis; 3) Grey Model; 4) Grey Prediction. The grey system theory is used in this research to rank the weight values of effects of the modeling component elements on Kansei vocabularies, and further select the samples at the front end of ranking for transformation and design.
Product design method-image board
After the Kansei factors of the modeling aesthetics of the numerical control machine tool are obtained through various analysis methods, creative thinking is used to "guide" and "enlighten" designers' creative elements, and transform their concepts into the modeling aesthetics of a numerical control machine tool, including the following design methods: 1) Design method of image representation: its purpose is to simulate users' desire for products, and transform concept images into product modeling designs through representation association and a short description of the concept; its basic procedure is: association → transformation → materialization [6, 8] . 2) Transformation process from picture image to product: its connotation is discussed and interpreted according to the pictures, in order to abstract relevant symbolic image elements to express picture creation quintessence, and then, transform it into a modeled design of the product; its basic procedure is: picture collection → picture selection → element selection → modeling development [6] . 3) Design method of image transformation: first, it is mainly used to define the function scope of a product, technology principle, usage principle, operation function, usage situation, and social significance, which is combined with the concept of association, as narrated by the representational method, in order to produce image vocabularies intended for product design, and then, several differential image vocabularies are converged into an image advertising board in order to intensify the designers' product modeling association and simulation methods in modeling development; its basic procedure is: establishment of prototype → image association → reinforcement of association → transformation [4, 6, 8] .
ANALYSIS RESULTS AND CASES OF PRACTI-CAL DESIGN
Selection of subjects
All samples adopted in this research had a design background, and subjects were mainly divided into two groups of students and practitioners; in terms of students, students trained by the integrated industrial designs of CNC machine tools and practical research courses of the Industrial Development Bureau, Ministry of Economic Affairs, were selected. Practitioners were mostly designers with more than 5 years of practical experience in industrial design, for a total of 30 young persons aged from 20-35 years old. As the automatic control machine tool belongs to important machinery production equipment, and it is irrelevant to daily life and consumption, the economic factors of subjects are not considered.
Sample collection and cluster analysis
First, the CNC machine tool samples of a well-known brand were widely collected; in order to make the research contents meet market requirements, the adopted samples were mostly products launched between 2010 and 2016, for a total of nearly 200 samples; the samples that were repeated or could not be recognized were deleted; finally, 50 samples were adopted. Samples were made into picture cards, classification testing was conducted among subjects, and subjects put the samples with similar style or image into the same groups according to their subjective identification of the images, for a total of 5-7 classification groups. The above test results were summarized into a 50×30 matrix, which was transformed into a 50×50 dissimilarity matrix of Euclid straight-line distance through a SPSS program; the data was input into SPSS for MDS analysis, analysis from two dimensions to six dimensions was conducted in order, and the dimension analysis results are as shown in Table 2 .
According to the stress coefficient table of Kruskal, stress coefficient must be lower than 0.05, thus, the data have significance; during the determination of dimension quantity, its explanatory ability, ease of use, and practicability should be considered; after evaluation, the group quantity with the best performance was selected as the grouping boundary line. The contents of the five dimensions conform to a good definition; therefore, five-dimensional data were used to carry out hierarchical clustering analysis, which adopted the Ward's method, and the grouping results are, as shown in Figure 10 .
Based on the grouping results in Figure 10 , the group quantity with the best performance was selected as the grouping boundary line, and the K average cluster method was used for analysis; with the use of K average cluster method, the distance between each sample and the center of gravity of this group was obtained; where the smallest center of gravity of distance can be considered as the representative sample of this cluster; the representative samples of each subgroup obtained by this research are as shown in Figure 12 ; in addition to the representative sample in the first cluster shown in Figure 11 , quantitative analysis is conducted from the second cluster to the fifth cluster, in order to identify the representative samples for follow-up research.
Selection of Kansei vocabulary
According to the company's catalog information of the numerical control machine tool, as well as the wide scope of information collected in the industrial report, in order to reduce the loading on subjects' modeling during the process of the experiment, similar adjectives were deleted through subjective evaluation, and then, 60 Kansei adjective vocabularies related to modeling aesthetics were sorted for testing; subjects selected 15-20 adjective vocabularies according to their own perception of the modeling of the numerical control machine tool they had seen, and the statistical results are, as shown in Table 3 . Finally, 15 Kansei vocabularies with the highest votes were selected, and used as basis for follow-up SD scale analysis according to the relative vocabularies, as shown in Table 4 . 
Figure 11: Representative sample in the first cluster Research into the Application of Kansei Engineering to the Modeling Aesthetic Design of a Numerical Control Machine Tool
Advance Publication
The 15 groups of coded adjective vocabularies and 5 pictures of the numerical control machine tools, as selected by the screened sample pictures, were prepared into a questionnaire with a 7-order scale; after the test was conducted by the subjects, the data of the Kansei evaluation matrix were analyzed, as shown in Table 5 .
Factor analysis was carried out against the matrix contents in Table 5 , and its main purpose is to show the original data dimension with fewer dimensions. With a factor eigenvalue greater than 1 as the principle, the potential features of these image adjectives were determined, rendering the representative significance of each factor more obvious and easier to explain, thus, it can be found that the Kansei vocabularies of the numerical control machine tool have three common factors, aesthetics, modeling, and design, and analysis results are, as shown in Table 6 .
It can be seen from Table 6 that, a larger factor loading means a higher correlation between this Kansei vocabulary and the factor, thus, the above analysis shows that the key factor affecting the design aesthetics of the numerical control machine tool lies in whether the presented aesthetics is novel; the key factor affecting modeling lies in whether the modeling itself is clean and crisp; and the key factor affecting design lies in the safety presented by the numerical control machine tool.
Product decomposition
There were 5 representative samples selected through cluster analysis; after cross checking and observation, the design elements of the CNC machine tool were determined, and there are 7 design elements: 1) modeling of metal plate; 2) feeding door of workpiece; 3) access door; 4) operation box; 5) window; 6) heat emission hole; 7) color, and each element has several kinds of types, which are coded according their types, as shown in Table 7 .
If the 7 design elements are extended according to modeling, there will be 21600 (6×3×4×5×5×4×3) different samples; however, it is certain that the subjects cannot bear such large data. Therefore, with the application of the orthogonal array and quantitative methods, this research used SPSS statistical software for the reduction of sample size, in order to obtain 81 samples. However, as this was still too large a sample size, the selection of observation value in the option of SPSS was adopted, and 19 samples were selected for follow-up research after calculation with the quantitative method.
The quantitative method was used to calculate the sample size required by this research, and a small sampling was conducted to confirm the ratio between standard deviation and average value. A sample test was conducted among subjects in this research, and the models not suitable for overall match-up were deleted; finally, 8 modeling samples were selected for follow-up analysis and model deconstruction distribution in the analysis results, as shown in Table 8 .
Then, the final Kansei evaluation matrix was carried out; every subject observed the sample picture of the numerical control machine tool and selected a suitable rating options according their own perception; the 3 groups of Kansei vocabularies and the feeling values of the 8 kinds of modeling samples of the numerical control machine tool were arranged in a quantized matrix, as shown in Table 9 .
Establishment of relationship between design elements and Kansei vocabulary
The statistical method used in this stage is Multiple Regression Analysis, which can gain the influence degree of different design elements on Kansei vocabulary to obtain the basis for follow-up practical design. This research took the design elements of 8 product samples as the independent variables and 3 groups of Kansei vocabularies as dependent variables. From the data of Kansei evaluation matrix, we obtain the following regression results, as shown in Table 10 .
On the other hand, we may obtain the weighting of design elements on each Kansei vocabulary from the data of Kansei evaluation matrix. A part of the results is shown in Figures 12-14 . In Figures 12 to 14 , the X axis refers to the parameter of each modeling, and Y axis refers to the weight value of each vocabulary parameter; through such visualized expression, it can be clearly understood how to cooperate with creative thinking to carry out integration designs for each component in the following practical design.
APPLICATION OF CREATIVE THINKING INTO PRACTICAL DESIGN AND SURVEY ON DESIGN SATISFACTION
The beginning and end of creative thinking are understood according to the literature review and design steps, in terms of product positioning, characteristic vocabulary and association, integration of design elements and design sketch, and image conversion of digital design according to the logic reasoning of the design procedures, and related implementation contents are described, as follows:
Product positioning and image representation
In this stage, the main design element is to provide definite product positioning to the numerical control machine tool, and the designer in this part can directly judge the basic characteristics of the numerical control machine tool through observation. At this stage, the researchers and 3 industry designers discussed the design development of the numerical control machine tool, and formulated the following 4 items through creative thinking and association: overall modeling, product function, interface system, and basic construction. In addition to quoting the former analysis contents of the items, multiple items are subdivided according to various considerations, in order to provide definite positioning for the design of numerical control machine tool, as shown in Table 11 .
Based on the contents in Table 11 , and in terms of the vocabulary of "Novel" in the Kansei vocabulary and pattern characteristics, the modeling of the metal plate has the higher effect weight. Therefore, during the creative development of the modeling of the metal plate, the design of the novelty item will be considered, where the numerous conditions obtained in the above product positioning are combined for design development. 
Characteristic vocabulary and characteristic association
In this stage, the characteristic vocabulary is established, the concrete images that can express product modeling are determined by the designers, and some keys are extracted from the free imagination stage by cooperating with the direction of product positioning: "basic pattern-sense of novelty", "color-briefness, comparability", etc. Many image objects are associated through the characteristic vocabulary, which is sorted and shown in Table 12 . The association of the image object is integrated to establish a picture advertising board, as shown in Figure 15 .
Integration of design element and design sketch
In this stage, after observing the picture advertising board of characteristic association in Figure 14 , the new design idea, principles, and systematic framework, as provided by association, are transformed into design elements, and the integrated design elements are shown in Table 13 .
The integrated design elements in Table 13 mainly focus on the representative picture, and in the remaining picture advertising board, with the same integration method, relevant design elements are integrated. In-depth design and development are conducted according to all the design elements, while a design sketch is created according to the Kansei vocabulary and modeling component elements, as shown in Figure 16 .
Image conversion of digital design
Product revisions are made in the drawn sketch in order to revise all the modeling component elements of the items, and confirm whether the adjustment of details and color configurations are suitable, in order to transform them into digital design pictures, as shown in Figure 17 .
According to the 3 factors for the CNC machine tool, as analyzed by the Kansei vocabulary, the design concepts are described, as follows: 1) Aesthetics: the extremely simplified geometrical line is matched with the effect of the broken line; meanwhile, the color comparison is considered for modeling development, and the principle of avoiding tradition and presenting a novel sense of aesthetics is adhered to during the process of design. 2) Modeling: the modeling is presented in a clean plane and face, and the briefness and comparison of color and the changing effects of shadows are applied to present the highlights of the modeling design. 3) Design: the numerical control machine tool belongs to equipment with high risk during operation; regarding the operator's safe operation of equipment, the cladding modeling design of the metal plate, marginal adaptation of the metal plate, sound insulation, waterproofing, etc., are all main safety considerations. 
Survey on design satisfaction
A questionnaire survey of customer satisfaction was performed to verify the proposed methodology. The survey results (product image: novel) are shown in Tables 14 and 15 .
The satisfaction evaluation results of subjects regarding the modeling in Table 15 show that, the method of conducting the modeling aesthetic design of a numerical control machine tool through analysis of the product's Kansei Engineering and cooperating with creative thinking, the results are accepted by most subjects, and such analysis and design method can inspire the development of the designer's creativity in the course of design, in order to improve the reference degree of modeling aesthetics of a numerical control machine tool.
CONCLUSION
With the use of our proposed integrative methodology including Kansei Engineering and creative image board, we may design a new CNC machine tool meeting customers' requirement. This study extends the ability of traditional Kansei engineering scheme in which it usually deals with known customer's feeling about a product. However, customers always prefer new things. How to acquire the past customers' information about a product (Kansei engineering), use this information as a design basis, and then accordingly implement the creative idea to generate a new product form (creative image board), is the main contribution of this study. The proposed integrative methodology can be easily applied to other kinds of products, not limited to CNC machines. 
